This article explores connections between science, music, and the military in London in the first decades of the nineteenth century. 1 Rather than look for applications of music or sound in war, it considers some techniques common to these fields, exemplified in practices involving the pendulum as an instrument of regulation. The article begins by exploring the rise of military music in the late eighteenth and early nineteenth centuries, and then compares elements of this musical culture to scientific transformations during 1 For broad relations between music and science in this period, see: Myles Jackson,
1 the same period. Having established some shared features, it then examines the work of mathematician Olinthus Gregory, whose experiments in standardization and the determination of the velocity of sound bridged the military, musical, and scientific cultures of early nineteenth-century London.
Gregory, it is argued, was representative of a community of reform-minded mathematicians and astronomers who sought to introduce greater precision and more mathematics into science. A number of them did this in a military context, where similar values of discipline and precision prevailed. The article concludes by demonstrating how music was not only a resource for these enterprises, but also had the potential to ruin them.
Military music
The military was probably the largest employer of musicians in the first half of the nineteenth century. 2 Music was integral to military action, serving as a means of communication, as inspiration for armies, and as a way to beat time on marches. In the last decades of the eighteenth century, military bands had become a formal part of Europe's armies and they were an increasingly important aspect of the growing culture of parades and inspections in the military of the Napoleonic era. This reflected the broad rise of Britain's burgeoning fiscal-military state and near doubling of the armed forces during the long eighteenth century. 3 Given this context, it is clear that military music played an integral role in the disciplinary culture that emerged in Britain during the period.
Commentators disagree on the value of 'discipline', however. Foucault famously contrasted a new regime of surveillance and impersonal 'panoptic' control with a form of power based on spectacle in the ancien régime. 4 But, more recently, Chris Otter has criticized the terms 'surveillance' and 'spectacle', seeing them as abstractions that are insensitive to historical actors' categories of the period; and I have argued elsewhere that the relationship between sovereign and disciplinary power was more entangled than Foucault proposes. 5 'Disciplinary culture', the term to be used in this article, entailed both a new emphasis on observation and calculation and a celebration of splendor and display. The military band, at once a highly disciplined body of men and an impressive show of costumes, performance, and sound, might in this sense be taken as an exemplary institution of disciplinary culture. Power operated in the band through the gestures and motions of the bodies of performers and audiences, and via the visceral, 3 John Brewer, The Sinews of Power: War, Money and the English State, 1688-1783 (London; Routledge, 1989), p. 30. 4 Michel Foucault, Discipline and Punish, the Birth of the Prison (1975; London: Penguin, 1991) . 5 Chris Otter, The Victorian Eye: A Political History of Light and Vision in Britain, 1800-1910 (Chicago: University of Chicago Press, 2008); Simon Werrett, "The Panopticon in the Garden: Samuel Bentham's Inspection House and Noble Theatricality in Eighteenth-Century Russia,"
Ab Imperio 3 (November 2008), 47-70. emotional experiences that a band of musicians, their appearance and productions, could generate. The band also reminds us that the audible, in addition to the visible, was fundamental to these processes.
Military music provided a soundtrack to this disciplinary culture. In the 1780s, Samuel Bentham (brother of Jeremy) designed the first panopticon, Foucault's favorite instantiation of discipline, not as a prison but as a spectacle for the Empress Catherine the Great. Martial music was part of the performance. Mary Bentham wrote of her late husband's stay in Russia that, "He was strict in enforcing discipline, yet by his gentleness and regard for the welfare of all ranks soon made himself universally beloved. Passionately fond of music himself, he wrote to England for a complete set of military musical instruments and for an expert drummer." 6 This he did while contemplating how to control the drunken English workmen he was using to run his patron's estate in White Russia. His solution, alongside the drums whose distinctive sound had long made them a tool to regulate marching soldiers, was the panopticon. 7
Bentham himself was a military man: he was awarded the rank of colonel of Russia's Black Sea fleet and served as inspector general of the Navy's works in Portsmouth after his return to England in the 1790s. 8 During his lifetime, both discipline and display were increasingly seen as critical to an 4 effective military: aspirations were expressed in a growing regime of inspections and parades that combined the political spectacle of assembled power with micro-techniques of control over soldiers' bodies. The Duke of Wellington explained how soldiers "should never be exempt from observation and free from controul." 9 Regiments instigated regular inspections of troops to enforce precision, accuracy, and attention. As one manual put it: "No mistake or inaccuracy, however trifling, can possibly escape the instructor's notice if he is at all attentive." 10 The slightest infraction prompted punishment, often involving the kinds of spectacular violence typical of sovereign power.
Discipline also took the form of demands that soldiers keep uniforms and accoutrements in perfect order. Routinized micro-techniques of polishing, mending, and cleaning controlled soldiers' bodies, although not without resistance: for some, the new discipline led to alcoholism and desertion. 11
Military music was constantly in the service of this new disciplinary culture. In a role that had a very long history, fifes, trumpets, and tenor or side drums communicated movements on the battlefield, their shrill sounds heard above the din of artillery and gunfire. 12 War that "the drum commands all things in battle, proclaiming the commands of the officer to his troops." 13 Music also served an emotional role, evoking the passions. Edward Gibbon wrote of martial music that "the mechanical operation of sounds, by quickening the circulation of the blood and spirits, will act on the human machine more forcibly than the eloquence of reason and honour." 14 Finally, music regulated marching soldiers: a drum-major, as
Bentham no doubt knew, "must scrupulously observe the ordered times of march, whether ordinary or quick, and use no tunes but such as are particularly adopted to such times of march." 15
Woolwich and the music of the Arsenal
The artillery had used fifes and drums since the mid-sixteenth century, but military music was only institutionalized as part of disciplinary culture in the late 1700s. British officers stationed in Prussia copied Prussian practice to create formal "bands of musick" attached to their regiments. The body had to defer to the machine. A drum-major was "not to be allowed to trust … his own ear … but at all times to have a plummet," that is a pendulum, to keep time. 24 Such precision allowed calculation: regulations expected a soldier to take 75 paces of 30 inches each in one minute, that is, at the "ordinary step." The quick step and wheeling march were faster. From this, the speed of movement of an army was calculated, as was the distance it might be expected to travel in an hour, typically about four miles at the normal marching pace. 25
Post-revolutionary changes in the sciences
Disciplinary culture was also becoming increasingly evident in the sciences. 9 audiences were politicized: a different style of science emerged, stressing precision measurement that by definition could not take place in public spaces before audiences because this would interfere with the process. 26 William Ashworth describes the culture of science in Britain in the 1820s and 30s as operating a "calculating ideology," combining discipline, precision, mathematics, and liberal economic values. 27 For example, members of the new Astronomical Society, founded in 1820, promoted rigorous, selfdisciplined positional astronomy to replace the more qualitative, natural historical cosmology characteristic of the eighteenth century. 28 Astronomy was thus transformed from speculation to a practice with stringent values of self-negation, punctuality, and precision--values that were exerted through micro-techniques of observation, recording, and calculation that astronomers were obliged to practice. Proponents of this style of science championed an efficiency achieved through standardization, measurement, and accountancy, the sorts of qualities that were reflected in the close ties of some members-such as Francis Baily and Benjamin Gompertz--to the City of London and the world of finance. Ultimately nature, men, and instruments could all be reduced 
Woolwich and the science of sound
These conditions made possible a variety of relationships between music, science, and disciplinary culture in the first decades of the nineteenth century.
The astronomer William Herschel provides a good example of the ways in which music and science came together through a qualitative, natural historical, and experiential approach associated with the Royal Society under
Banks. In contrast, the Woolwich mathematician Olinthus Gregory, one of the astronomers who celebrated the "calculating eye," valued mathematics, precision, and an approach to music that reduced it to the physics of sound. 32 Anon, "Astronomical Society," Annals of Philosophy, or Magazine of Chemistry [ed.
Thomas Thomson], 5 (Jan to Jun 1815), 308-9. 33 was also the enemy of those mathematical practitioners who championed a different kind of science in the early decades of the nineteenth century; and their approach to music was, it seems, equally distinct. Just as the mathematical reformers rejected the cosmological and qualitative dimensions of astronomy in favor of a more disciplined, quantitative approach, so they had little time for music as an art and experience, preferring to explore the science of sound. Charles Babbage, for example, wrote that "my love of music is not great;" he only attended concerts "for the pleasure of the society." 41 Exemplary among the reformers and enemies of Banks was Olinthus Gregory, whose career as a mathematician and astronomer began through of music seemed to be something foreign to him, even while the knowledge it afforded was fascinating. In his first publication, a textbook of Lessons,
Astronomical and Philosophical for the Amusement and Instruction of British
Youth (1793) length of a pendulum which would make one complete vibration in the time that part of a bar called a beat was performing". He continued:
Thus, for instance, suppose I set a tune in triple time, and wish to have each bar performed in a second and a half, the character I must make use of is 3/10; for from this it might be concluded, that there were three beats in a bar, and each of these beats must be performed in the time a pendulum, ten inches long, made one vibration. 47
Gregory's demands were part of a larger debate in Continental Europe in the early nineteenth century about the values of precision for science and music.
As Myles Jackson has shown, musicians in Germany argued over the value of chronometers and timepieces for regulating the tempo of music, an argument Miller notes, from about 1815 experiments with the pendulum to measure the figure of the earth became a major concern of mathematical practitioners and scientific servicemen such as Henry Kater, Edward Sabine, James Ivory, and 20 strings are not exactly in unison." 55 A micrometer screw with fifty threads to an inch could be used to adjust the length of these strings, a level of accuracy that Gregory now applied to his standard measure. Musical and scientific precision thus served one another in Gregory's work, in which the pendulum replaced tradition and experience as the guide for standards of measurement The flash of the guns was observed with a theodolite telescope, and the sergeant-major who fired the guns was ordered to use a watch to time firings every two minutes. From these and other experiments made around the Woolwich area, Gregory concluded that the velocity of sound was 1100 feet per second at 33 degrees Fahrenheit, the freezing point of water, and that it increased and decreased by a regular proportion as the temperature of the air changed. He also argued that wind affected the intensity and velocity of sound. Since direct and reflected sound traveled with equal velocity, he further concluded that echoes might be reliably used to measure distances.
Consequences and resistance
Gregory's work exemplified a scientific approach to music, which had shifted from sociable concert-going and an emotive appreciation of experience and tradition to a "rational" science of sound based on mathematics, measurement, and discipline. The shift reflected a changing economy and a growing emphasis on disciplinary culture in the military, for which martial music, regulated by a more scientific chronometry, was an important resource. But if the intentions of mathematical reformers were to underwrite new regimes of standards, epistemic, economic, and military practices, their efforts were not without resistance.
Historians have long highlighted the tremendous social unrest and labor activism that grew up in opposition to new calculating regimes in the early nineteenth century. Contra Foucault, Michel de Certeau called attention to practices such as wandering in the streets: "tricky and stubborn procedures that elude discipline," they did not necessarily have any purpose or agency and were thus disruptive of disciplined action. 58 The mathematical reformers, men such as Babbage and Gregory, also faced resistance to their practices, and music played a role here, even while it offered them resources. Babbage would famously decry the nuisance of street music in his autobiography published in the 1860s. 59 Indeed, Babbage waged a campaign, joined by many, to banish or at least control the musicians, often foreigners, playing barrel organs and other instruments on the streets of London. These he claimed disrupted the intellectual labors of men of science and scholarship such as himself.
Babbage applied exactly the principles of the "calculating eye" to the problem of street music. He worked out the number of different "instruments of torture" used to make noise in London streets, and the number of "encouragers of street music," and then how much intellectual labor had been lost from their interruptions, comparing the sum total to income tax: Gregory, Babbage, and the mathematical reformers' desire that music be reduced to its science, freed from "ravishing" emotions, was scuppered by the nuisance of street music. The author went on to single out the intellectual activities, particularly mathematics, that were ruined by the noise. 26 interruption to his studies, but, to his great horror, on the second day of his abode there, found a harp-player. 65 Misery and horror characterized the experience of the mathematician subjected to street music, and this might be its real danger to the men of science, provoking emotional reactions that threatened the whole enterprise of the calculating eye. Hence perhaps the strange, strenuous effort to deny that men had any emotions at all, "London abounds with men who must think, and women who must feel." And hence the reduction of music from a passionate experience to an emotionless accountancy.
Conclusion
Gregory's experiments and Babbage's anger belonged to a period when men of science increasingly claimed jurisdiction over practices they sought to represent as unthinking labors in need of intellectual oversight. People who practiced crafts or who depended on intelligent skill and experience to make a living would, they believed, have to decide between opposing this turn to "rational principles" and embracing it. This is why Gregory's experiments on the velocity of sound were presented in the Harmonicon as a subject "highly interesting to really scientific musicians." 66 
